ColdZyme® Mouth Spray (ColdZyme) is intended to reduce the probability of catching a cold and/or can help shorten the duration of a cold, if used at an early stage of the infection, by forming a barrier on the pharyngeal mucous membrane. The user experience of ColdZyme on naturally occurring common cold infections was evaluated in competitive athletes training professionally or on an amateur level. Thirteen athletes completed weekly electronic surveys on occurrence of common colds, cold severity and user experience over the course of 3 months. The 13 participants reported in total 15 cold incidents with an average duration of 7.4 days. The average cold severity was 31.2 on a visual-analogue scale (VAS) ranging from 0 (mildest possible cold) to 100 (worst possible cold). The overall user satisfaction with ColdZyme was high. 81% of the reported colds were experienced to be milder and/or shorter than usual. None of the participants reported "No effect". Out of the participants who reported absence of a cold in the previous week, 69% reported a positive answer to the question if ColdZyme had prevented them from catching a cold in the previous week. Conclusion: The present study evaluated prevention and alleviation of naturally occurring common cold in athletes, and demonstrated that ColdZyme may be an easy and practical way for competitive athletes to prevent or reduce infections of the common cold virus and corresponding unwanted absence from training and competition. Due to the lack of a comparator group, a placebo effect cannot be excluded.
Open Journal of Respiratory Diseases elite athletes. Studies show that elite athletes suffer from more common colds and upper respiratory tract infections than recreational athletes [1] [2] . There is a well-established association between prolonged hard exercise and suppressed immune function [3] . The transient immune suppression after heavy exercise is thought to create an opportunity for viruses to gain a foothold, thereby increasing the risk of developing an infection [4] . According to Gleeson [5] the post-exercise immune function decrease is most pronounced when the exercise is continuous, prolonged (>1.5 h), of moderate to high intensity (55% -75% of aerobic capacity) and performed without food intake. The prevention of common cold infections is therefore particularly important for athletes during prolonged periods of heavy training, in order to avoid the negative influence of a cold on performance. Repeated periods of infection are also linked to recurrent physical injuries that can be detrimental for the athlete and the team [6] . Upper respiratory tract infection, such as common cold, is one of the main reason for missed training among UK elite athletes in 30 different Olympic sports. Common cold has further been reported to be the most common medical condition affecting athletes at both the summer and winter Olympic Games [7] . According to the International Olympic Committee Consensus Statement on Load in Sport and Risk of Illness it is estimated that about 50% of all acute illness in athletes during competitions and tournaments affect the respiratory tract [6] . In conclusion, the specific conditions for elite athletes, such as hard exercise and travelling, increase susceptibility for infection by common cold viruses [2] [8] .
ColdZyme® Mouth Spray (ColdZyme) is a medical device against common cold. It is designed to deposit a viscous solution containing primarily glycerol and trypsin to the mouth/throat and thereby reducing the probability of catching a cold and to help shorten duration of a cold by forming a thin protective barrier on the oropharyngeal mucous membrane. Epithelial cell layers in oral and nasal cavities form a physical and innate immune barrier against bacteria and viruses [9] . Yet, viruses can infect the mucosal cells in this area resulting in cold symptoms. To prevent infection, the natural barrier can be strengthened by depositing a barrier to the oropharyngeal mucous membrane. In a clinical study, ColdZyme decreased the viral load significantly (p = 0.02) and the number of days for one episode with common cold symptoms was reduced from 6.5 to 3 days, in comparison to placebo [10] .
The purpose of this post-market evaluation was to investigate the user experience of ColdZyme® Mouth Spray, when used by competitive athletes who are training professionally or on an amateur level.
Methods
ColdZyme® Mouth Spray (Enzymatica AB, Lund, Sweden) is a non-prescription medical device available in several European markets. The product consists of a combination of glycerol, menthol and of trypsin, which is derived from Atlantic cod. When applied to the oral mucosa, the spray is believed to reduce the ability of virus to attach to mucosal cells through a mechanical barrier created by gly-U. Blom, I. Nelson Open Journal of Respiratory Diseases cerol [11] and menthol, and by the virus-deactivating capacity of cod trypsin [12] . Seventeen athletes, involved in competitive training on a professional or amateur level, were invited via e-mail to participate in a weekly electronic diary survey. They were enrolled to evaluate their use of ColdZyme after expressing an interest in the product. No other selection criteria were used and no power calculation to determine sample size was done. Two subjects never responded and another two were excluded from the analysis as they by mistake only received the survey once. The other 13 participants completed the survey. User experience of the effect of ColdZyme, number of common colds, cold severity and use of ColdZyme were reported weekly. A formal approval from the local ethics committee was not necessary for this evaluation. No background information on health status or demographics (i.e. age or gender) was collected. For calculation of mean, confidence intervals, frequencies and standard deviations, the statistical functions in Excel 2016 were used.
The evaluation took place between April and June of 2017. The participants received a weekly electronic survey for 3 months, where they retrospectively reported the common colds that they experienced during the previous week and graded the average daily severity of the cold using the Jackson rating scale [13] and a visual-analogue scale (VAS) graded from 0 (mildest possible cold) to 100 (worst possible cold). In total, 12 surveys per subject were sent out. Identifying information was replaced by a Subject ID number before closing the study and saving the final data sheets in password protected electronic formats.
Since the cold, and a weekly estimate of the average daily severity score, were reported retrospectively instead of daily, the commonly used definition of a common cold incident by Jackson et al. in 1958 [13] , where a separate incident has to be preceded with at least two days of a Jackson score < 5, could not be used. Instead, all reported days were counted as days with common cold. If >3 days of cold were reported the previous week, reported days the following week were counted as belonging to the same incident. The evaluation was designed to be as real-life as possible. The participants received ColdZyme for free during their participation, but did not receive any financial compensation.
Results

Compliance
The answer rate was above 77% throughout the evaluation period, which is higher than expected based on previous surveys published in medical journals [14] . On average 2.1 (95% CI ± 0.5) doses of ColdZyme were used per day for prevention, when not having a cold, and 4.4 (95% CI ± 0.9) doses of ColdZyme per day when having a cold. This dosing of ColdZyme is below the recommendations in the Instructions For Use. Recommendations are to spray one dose every second hour when believed being exposed to cold virus. To obtain shortening of the duration of a cold it is recommended to start to spray one dose every second hour as soon as possible after noticing symptoms of a cold and to Open Journal of Respiratory Diseases continue until the symptoms are relieved.
Cold Incidents, Duration and Severity
The number and duration of colds could only be approximately determined, due to the weekly reporting where the participants were asked "How many days last week did you have a cold?" In those cases where participants reported >3 days with a cold for consecutive weeks, it was considered as the same cold incident. During the three months, the 13 participants reported 15 colds. Five of the 13 participants did not report any colds during the three months.
As shown in Table 1 , the average duration of a cold was 7.4 (95% CI ± 4.8) days. Symptoms typically peak at 1 -3 days and last 7 -10 days, although they occasionally persist for three weeks [15] . The average cold severity was 31.2 on a visual-analogue scale, ranging from 0 (mildest possible cold) to 100 (worst possible cold). The use of VAS in common cold needs to be validated in further studies. The severity score was measured with the Jackson scale, where the participants who reported having a cold were asked to rate the severity for each individual symptom during days with a cold as absent (0), mild (1), moderate (2) or severe (3). The Jackson score is calculated as the sum of all individual symptom scores. The average Jackson score for days with a cold was 6.9 (95% CI ± 2.8). The individual symptom with the highest rating was blocked nose, followed by malaise. Fever was the symptom with the lowest rating. Table 1 . Summary of average duration and severity ratings for each subject. 
User Experience in Participants Who Experienced a Cold
The participants were asked if they experienced any effect of ColdZyme on the reported colds. 43% of the colds were experienced as both milder and shorter than usual, 24% of the colds were reported as shorter, 14% were reported as milder and 19% were reported as "don't know". None of the participants reported "no effect" (Figure 1 ). When asked if the experienced cold had any effect on the ability to perform physical training at all, 41.7% of the participants exercised as usual, 45.8% were forced to reduce training and only 12.5% were not able to train.
User Experience in Participants Who Did Not Experience a Cold
When the participants who did not report any colds in the previous week were asked if they thought that ColdZyme had prevented them from catching a cold, the majority, 69% of participants, gave a positive answer (Figure 2 ). 
Discussion
The high response rate of at least 77% throughout the evaluation period is most likely the result of the participants being motivated to evaluate ColdZyme, as they had expressed an interest in the product. This group, athletes, are used to keeping training dairies and reporting and evaluating their diet and physical status and symptoms, which might contribute to a higher response rate. If weekly surveys, instead of daily reporting, are to be used in future studies as well, the question "How many days did you have a cold last week" should be replaced by "Which days last week did you have a cold"? This way, the number of incidents and the duration of a separate cold could be calculated with a higher accuracy.
The specific conditions for elite athletes who train hard are linked to a higher risk of being infected by common cold viruses [16] which might be caused by a post-exercise immune function depression after prolonged training. There are several recommendations on how to limit the risk of infection and to limit transmission of infections among athletes, for example to avoid crowded areas, avoid contact with infected persons, to isolate infected team members, get adequate sleep and nutrition etc. [7] .
Despite the increased risk in athletes, the number of reported colds in this evaluation is in line with the prevalence for a normal population, which is 2 -4 incidents per subject and year, mostly during the winter [17] . The majority of the participants reported that they felt that ColdZyme prevented them from catching a cold, and for those who did get a cold, the majority reported it to be milder and/or shorter during the study than during prior colds.
Previous studies on the use of ColdZyme by elite athletes demonstrate that
ColdZyme use reduced the number of sick days due to common cold, with a corresponding reduction in absence from training by >50% among the study participants [18] . These results support previous findings from a double-blind, placebo-controlled study, where subjects treated with ColdZyme displayed significantly decreased viral load and fewer days with common cold symptoms [10] . In the previously referred study [18] athletes who had less than 2 sick days during the preceding months did seem to be less prone to catch a cold during the study period. However, those individuals that reported more than two sick days during the three months preceding the actual survey, seemed to benefit more from using ColdZyme [18] . Observational studies, like the above, allow the assessment of benefit in real-life settings, but due to the open label un-blinded design without placebo they are more exposed to bias, and the results should therefore be considered as preliminary. The current evaluation was performed on naturally occurring colds in a defined sub-group of subjects, i.e. athletes, to mimic a real-life setting, although the lack of a comparator group is a weakness of the study.
Conclusion
Satisfaction was high in both the group of participants who did experience a cold This indicates that the use of ColdZyme may be an easy and practical method for competitive athletes to alleviate and prevent or reduce infections of a naturally acquired common cold virus and corresponding unwanted absence from training and competition, if used at an early stage.
